14: 1019-1021. 1966.-Aspergillusflavus ATCC 15517 produced up to 212 mg per liter of total aflatoxin in submerged culture in aerated (3,000, 6,000, 9,000, and 12,000 ml/min) and agitated medium in 14-iter fermentors with 10 liters of medium consisting of 2% yeast extract and 10% sucrose. Aflatoxin production increased with time. A maximum of 212 mg/liter was produced at 9,000 ml/min aeration, whereas the yield decreased substantially at the lower aeration rates. Two other strains of A. flavus synthesized aflatoxin in smaller quantities. Three 14-liter fermentation chambers, each containing 10 liters of the semisynthetic medium, were sterilized at 120 C for 20 min. The medium was inoculated with 100 ml of spore suspension (about 6 million spores per milliliter) of A. flavus and incubated for 9 days at 30 C with constant stirring (100 rev/min) in a New Brunswick Three-Unit Fermentor Drive Assembly, model FS-314. Defoamer (Colloidal Products Corp., Sausalito, Calif.) was added automatically as required. Aeration rates were 3,000, 6,000, 9,000, or 12,000 ml/min. Assays. A 10-ml sample was taken from each fermentor at 24-hr intervals for pH, aflatoxin, and sucrose determinations. Samples were clarified by centrifuging for 10 min at 10,000 rev/min in an anglehead centrifuge. Three 1-ml portions were pipetted from each clarified sample. Each portion was shaken in a 125-ml separatory funnel with two separate 25-ml amounts of chloroform. The lower chloroform layer was recovered and either concentrated on a steam bath or diluted with additional chloroform to a concentration suitable for assay. Aflatoxin was assayed by the thin-layer chromatography procedures of Pons and Goldblatt (11) 
designated as aflatoxins B1 and GI and their dihydrofuran derivatives, aflatoxins B2 and G2, have been determined (2-4, 7, 8) . Large quantities of aflatoxin must be produced biologically for chemical studies and feeding trials. Such quantities have been produced on a variety of agricultural commodities (4, (10) (11) (12) . Mateles and Adye (9) obtained up to 90 mg per liter of aflatoxin in shaken flasks but only 30 to 50 mg per liter of aflatoxin in submerged culture in 3.5 liters of glucose-ammonia-salts medium at low aeration and high agitation rates. In preliminary studies, Codner (5) developed a Czapek-Dox medium containing corn steep liquor with which he obtained 100 to 200 mg per liter of aflatoxins in 100 ml of medium. When the same medium and same strain of A. flavus were used in 3-and 20-liter fermentors, excellent growth occurred but no aflatoxins were produced. Davis et al. (6) Three 14-liter fermentation chambers, each containing 10 liters of the semisynthetic medium, were sterilized at 120 C for 20 min. The medium was inoculated with 100 ml of spore suspension (about 6 million spores per milliliter) of A. flavus and incubated for 9 days at 30 C with constant stirring (100 rev/min) in a New Brunswick Three-Unit Fermentor Drive Assembly, model FS-314. Defoamer (Colloidal Products Corp., Sausalito, Calif.) was added automatically as required. Aeration rates were 3,000, 6,000, 9,000, or 12,000 ml/min. Assays. A 10-ml sample was taken from each fermentor at 24-hr intervals for pH, aflatoxin, and sucrose determinations. Samples were clarified by centrifuging for 10 min at 10,000 rev/min in an anglehead centrifuge. Three 1-ml portions were pipetted from each clarified sample. Each portion was shaken in a 125-ml separatory funnel with two separate 25-ml amounts of chloroform. The lower chloroform layer was recovered and either concentrated on a steam bath or diluted with additional chloroform to a concentration suitable for assay. Aflatoxin was assayed by the thin-layer chromatography procedures of Pons and Goldblatt (11) Changes in pH, sucrose utilization, and aflatoxin production by A. flavus ATCC 15517 under the optimal aeration rate of 9,000 ml/min are shown in Fig. 1 A. flavus 15517 also produced 180 mg per liter of aflatoxins and 66 g per liter of mycelium in 8 days in several experiments (data not presented) in which the medium contained 15% sucrose instead of 10%. Only about two-thirds of the sucrose was utilized by the fungus in these experiments.
DIscussIoN
Aeration greatly influenced the production of aflatoxin by A. flavus ATCC 15517 in submerged culture. Growth of A. flavus, and thereby aflatoxin production, was restricted at 3,000 ml/min as compared with the higher aeration rates. About 9,000 ml/min aeration appeared to be optimal, since aflatoxin production was greater at that rate than at either lower or higher rates. At 6,000 ml/min aeration, aflatoxin production was restricted, whereas growth was not. This indicates that aeration rate influenced aflatoxin production directly, in addition to its indirect influence via restriction of growth.
Initial experiments were with a medium containing 15% sucrose, which Davis et al. (6) showed to be optimal for stationary production of aflatoxins. However, with submerged cultures, the 10% sucrose-yeast extract medium gave approximately the same quantity of aflatoxins as the 15% sucrose-yeast extract medium. 
